The article presents the results of a theoretical analysis of the issues related to the teaching of statistics common in France and other European countries. The authors distinguish between macrodidactical and microdidactical factors and define the peculiar features of the didactical system at work in the teaching of statistics. These features allow for the complex nature of the teaching of statistics to a growing audience.
Introduction
Nowadays everyone gets in touch with an incredible amount of statistical information on a daily basis, while listening to weather forecast, using customers' opinion surveys to choose certain goods and services. That is why learning statistics becomes a priority for the growing number of people who wish to be able to interpret data and evaluate its correctness. Consequently, the teaching of statistics in the most efficient and comprehensive way is becoming one important educational objective in itself.
First of all, we see the need to discuss the place of the teaching of statistics among the teaching of other disciplines. It goes without saying that the teaching of statistics makes use of those major concepts to be mastered in the course of learning mathematics. The two disciplines, i.e. Mathematics and Statistics, share a lot of common elements that concentrate in the domain commonly called Mathematical Statistics. Mathematical Statistics is considered to be a part of mathematics (Academie des Sciences, 2000) . Nevertheless, both mathematics and mathematical statistics are the tools that can be used in the teaching of statistics.
Statistics is a science invented by the humanity in the course of its long history, but it is also an object of learning and teaching within the framework of school and university studies and life-long learning. In France, the teaching of statistics at schools and higher educational institutions is also a recurrent issue, according to the experts in the history of statistics (Régnier, 2002; Parzysz, 2003) . Bernard Parzysz conducted a study of the evolution of the teaching of statistics in France over the period from 1965 to 2002 (2003) . He underlined the rivalry between the option related to Laplace's conception and the frequentist option based on the calculation of the event probability depending on the observed frequency.
In the article we are going to analyse a number of macrodidactical and microdidactical factors that affect the teaching of statistics on the basis of our observations of didactical situations.
Essence of statistics and macrodidactical level of teaching of statistics
We share the point of view of Guy Brousseau (2004) on the history of statistics, who argues that the history of statistics is closely connected to world-view and national culture. We assume that people interpret the world on the basis of the statistical phenomenon reasoning-in-action, described in detail by Vergnaud (1991) . We also believe that the decisions related to the start, regulation, reorientation and completion of any action are based on implicit statistical conceptualisations. In their everyday lives people will apply the statistical theories that are based on the fundamental concepts of statistics. Naturally, errors can occur in this process of everyday usage of statistics as a tool for decision-making. For example, the concept of causality and the concepts of association, concomitance, and correlation are often confused. These errors are made by educated people who have already achieved high levels of conceptualisation within other sciences.
This aspect of statistics as a basis of world-view correlates with its function as a tool invented by people for the purposes of interpretation and comprehension of the world on the basis of the fragments of the reality, as the whole world can never be comprehended in its spatial and temporal totality. In the 19th century statistics became an instrumental and conceptual answer to the need for distinction between the regular causes and the accidental causes of various phenomena. This is the opinion of A.A. Cournot, first expressed in 1836 (1984). Cournot's conception was based on the principle of compensation. It should be noted that this principle of compensation correlates with the widely known mathematical tool called the arithmetical mean. The arithmetical mean is taught in schools as a primary algorithm of calculation. The orientation of Cournot's conception towards the principle of compensation makes it possible to interpret it in the context of the close interrelation between three domains: statistics, mathematics and probability. In the 21st century we should add the new domain of informatics to this trio.
In the decisional interpretation of statistics, we may interpret it as a set of methods that allows to make «proper» or at least «sufficiently proper» decisions in uncertain situations. In the praxiological perspective, this orientation is based on the general idea that the statistical method of analysing a phenomenon consists of three stages: 1) attribution of an aleatory model to the phenomenon; 2) appropriation of the attributed model on the basis of the observation results; 3) application of the specified model to make a decision.
The teaching of statistics provides the theoretical basis of intelligibility of the phenomena related both to the acquisition of statistical knowledge and the treatment of statistically relevant issues. Within the framework of our approach to the teaching of statistics, we argue that the formation of the statistical mindset and statistical reasoning encourages students to adopt a certain way of problem-solving.
We have already presented a clear but preliminary definition of the statistical mindset, basing it on the relation between the incertitude and the error, which are the aspects inherent to decision-making (see Régnier, 2002) . In this paper we aim to render our definition more relevant and apt in terms of the teaching of statistics.
In the book "From the self-proclaimed truth to the acknowledged probability" we tried to answer two questions often asked by students of pedagogical sciences (Régnier 1998) , i.e.:
1) How can one realise and control the risks when making a decision in an uncertain situation? 2) What is the place of the concepts of the significance of results and the representativeness of the sample in the process of decision-making?
To answer these questions we are to observe the peculiarities of the didactical system in the teaching of statistics (Fig. 1) .
Fig. 1. Didactical system in the teaching of statistics
Apart from the three traditional elements of the didactical system (teacher, student(s) and the discipline), we identify and incorporate the fourth element, i.e. -the social and professional practices that may be used as a reference base. In Fig. 1 we marked this element as «Statisticians and praxiology of statistics». This element represents the integration of the sociocultural and professional environment in the list of objects that should be taken into account in treating the basic situations common to the teaching of statistics. It is crucial that these objects not coincide with the teacher and add to the number of reference sources. This function of reference sources allows to identify some macrodidactical issues that arise in the teaching of statistics (Brousseau, 2004) .
The professional environment of statistics as a discipline is manifested and specified by universities and other institutions of higher education as well as by associations and organisations that contribute to the development of statistics as a science, to the discussion of the acknowledged paradigms, to the theoretical reflection over statistical practices and the issues of the teaching of statistics. In France, an example of such an association is the SFDS -The French Society of Statistics. Amongst other international associations of this type are the IIS (The International Statistical Institute), and the AIES (The International Association for Statistical Education). The environment of statistics is furthermore manifested by the wide range of national and international conferences, meeting, fora and journals.
One of the crucial elements of the didactical system of the teaching of statistics presented in the Fig. 1 allows to provide an answer to the recurrent question: -what is statistics? As we tried to explain in Fig. 1 , we argue that statistics is a science developing in the conditions of the dialectical discrepancy between mathematical statistics and the statistics applied to something, that is, applied statistics. These dialectical relations between the two branches of statistics are also dialectically incongruent with statistics interpreted as the sum of data. This structure of statistics and the relations between its parts were the subject of our earlier work (Régnier, 2002) .
To answer the second question of our students, we are to observe in detail the two crucial concepts of statistics: representativeness and significance. The representativeness ensures the validity of statements obtained as a result of statistical analysis as a study of the variability of individuals (performing the function of the statistical units) in the population (the statistical universe) from the point of view of the aspect(s) common to the phenomenon (phenomena) on the basis of the sample (part of the population). The significance of the results shows the degree of confidence of a certain choice in the decision-making.
Another basic concept of statistics that raises a number of issues for teachers of statistics is that of statistical interpretation. The concept has already been treated in our previous works (Régnier 2002) . We support the idea of Brigitte Escofier and Jérôme Pagès (1990) and distinguish between three stages in statistical interpretation, that we outlined in Fig. 2 . In the educational context, statistical interpretation is particularly relevant to university students. A certain level of mastery of basic statistical tools and practices allows for the students to pose a series of questions, including those related to the interpretation of collected data and the ways of presenting the information.
Microdidactical problems of the teaching of statistics in France
A major part of French citizens consider statistics to be synonymous to data obtained by surveys and opinion polls. Such data is used as the basis for the synthesised information spread by the media. This information is often used to illustrate some unique situations. The conclusions drawn from this sort of data by the large audience are based on personal emotions rather than reason to construct the image of the data. That is why statistical data can become a major source of problems. In modern society, statistics as a tool of evaluation of various phenomena and their interpretation has become so important that we cannot ignore the results of statistical studies (Thelot, 2004) . At the same time, it is important to take into consideration at least one side effect of this victory of statistics. This is manifested in the increased risk of discredit to the results of the statistical studies. In France, the primary source of risk is the insufficient competence in statistics and probability of the major part of the citizens. This insufficient competence makes the large audience unable to consider the statistical way of interpreting various phenomena. This risk is aggravated by the insufficiency of the university-level research in statistics. Jean-Pierre Kahane defends this position and underlines that school education should contribute to citizen's mastering of statistics. It is realisable only if teachers are prepared to effectively teach the «popular statistics» to citizens, and must be another objective to be taken into account in the construction of an efficient model of the teaching of statistics (2002) . In the educational report on mathematical sciences (see Kahane, 2002) we can identify a serious issue related to the teaching of statistics that may result in a serious confusion between statistics and statistical data.
In his study on the introductory course of statistics in the final years of primary school in France, Bernard Coutanson (2004) focused on course books, the teachers' evaluation of these books and their acquaintance with innovative practices of the teaching of statistics. Coutanson analysed the content of a sample group of course books in its relation to statistics as a school discipline. In the first stage of the study, the author observed that the teachers of the sample group had not evaluated the insufficiency and the limitedness of the statements provided by the course books and they rejected the innovative practices that had been suggested to them. Coutanson argued that the majority of statistical course books are reduced -to the detriment of the teaching of statistics -to tables and graphs, making it harder for students to grasp the essence of statistical concepts. According to Coutanson, the presented course books feauture the following problems:
-priority of the mathematical usage of the presented tables and graphs; -problems with the cultural aspects (manifested by the culturally-oriented choice of the types of statistical graphs and tables, dominance of the presentation of the data in ascending order, rare use of iconic representations); -absence of intermediary questions or tasks based on the interpretation of the data and its anticipation; -attributing literal interpretation to the presented statistical situations; -passive position of the students that results in their inability to master statistical analysis; -absence of activities related to the production of the data; -insufficient part of the course is devoted to the interpretation of incertitude and anticipation of the results; -limitation of statistical observation, which is reduced to reading and construction of tables and graphs; -interpretation of linearity and nonlinearity of graphs is connected to the proportionality rather than to statistical analysis; -insufficient attention to the conventional statistical indicators (such as the mean, the mode, the median, etc.) -limited number of situations presented with the aim of connecting various forms of representation of information: table, graph, literal presentation.
These problems could be attributed to the microdidactical level. Our own observations show that they are still typical of the situation with the teaching of statistics in France and in Brazil (Régnier, Andrade, 2014) .
Conclusion
In this study we presented our observations concerning the basic problems in the teaching of statistics observed in France. The complicated nature of the teaching of statistics is conditioned by several crucial factors, including: 1) the didactical system realised in the teaching of statistics; 2) complex basic statistical concepts; 3) misinterpretation of statistics, its significance and functions; 4) microdidactical problems: insufficient competence of teachers, imperfections of the modern course books in statistics.
In further studies of these factors we plan to focus on microdidactical issues. We plan to construct a sample of a course book that would present basic statistical issues in a comprehensive way and facilitate grasping of the statistical essentials by the students.
